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Description 

[0001] The present invention relates to a process for the preparation of olefin polymers. In particular, it relates to a 
process for the preparation of ethylene homo- and copolymers having very high nrK)lecular weights and narrow moiec- 

5 ular weight distributions. 

[0002] It is l<nown that the properties of ethylene homopolymers and of copolymers of ethylene with one or more 
alpha-olefin comonomers depend on their molecular weight. The use of these polymers in fields such as, for example, 
the production of films, generally requires that they be endowed with high molecular weights. 
[0003] The above mentioned ethylene polymers are generally prepared in the presence of catalysts of Ziegler-Natta 

10 type. The polymer thus obtained have a wide molecular weight distribution. 

[0004] More recently, in processes for the preparation of polymers of ethylene, homogeneous catalysts based on 
metallocene compounds have been used. The polymers obtained by working in the presence of these catalysts, have 
a narrow molecular weight distribution, but their molecular weights are not always industrially acceptable. 
[0005] Only when working under particular conditions and in the presence of particular metallocene catalysts such 

IS as, for example, metallocene compounds of hafnium, it is possible to obtain ethylene polymers having higher molecular 
weights. 

[0006] In the intemational patent application WO 91/02012, for example, there is described a process for the prep- 
aration of high density linear polyethylene having high molecular weight and narrow molecular weight distribution, in 
the presence of bis(cycIopentadienyl)hafnium compounds and a tetrakis(pentafluorophenyl)borate salt. However, in 

20 this application only the preparation of ethylene homopolymers is exemplified. 

[0007] Metallocene compounds wherein the ligands consist of two substituted cyclopentadienyls linked between 
them by a bridging group which gives steric rigidity to the molecule, are known to be stereospecific catalyst components 
for the preparation of isotactic poiyolefins. These metallocenes can exist in two stericai configurations, that is the 
racemic and the meso isomeric fomn. As the chiral racemic form only is stereospecific, the meso form is generally 

25 removed by separation from the rac/meso mixtures obtained from the metallocene synthesis. 

[0008] It has now been surprisingly found that it is possible to prepare homo- and copolymers of ethylene having 
very high molecular weights as well as narrow molecular weight distributions if the polymerization reaction is carried 
out in the presence of a metallocene-based catalyst wherein the metallocene is stereorigid and it Is in its meso isomeric 
form. 

30 [0009] Therefore, an object of the present invention is a process for the preparation of an ethylene polymer, which 
comprises the polymerization reaction of ethylene in the presence of a catalyst comprising a stereorigid metallocene 
compound of a transition metal belonging to the Group lllb, IVb, Vb, VIb or of Lanthanides of the Periodic Table of the 
Elements, having two substituted cyclopentadienyl ligands bridge joined between them, characterized in that the met- 
allocene compound is in its meso isomeric fonn. 

35 [0010] Stereorigid metallocene compounds which can be used in the process of the present invention are those of 
the formula (I): 



40 



45 



50 




wherein 

55 M is a metal selected from Ti, Zr and Hf; 

, same or different, are -C20 alkyi radicals, C3-C20 cycloalkyi radicals, C2-C20 alkenyl radicals, C5-C20 aryl radicals, 
C7-C20 alkylaryl radicals or C7-C20 arylalkyi radicals and can contain Si or Ge atoms; 

and R^, same or different, are hydrogen atoms, 0^-620 alkyt radicals, C3-C20 cycloalkyi radicals, C2-C20 alkenyl 
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radicals, Cg-Cgo aryl radicals. C7-C20 alkylaryl radicals or C7-C20 arylalkyi radicals and can contain SI or Ge atoms; 

is a divalent group selected from (CR52)n. (SiR^a^, (GeRSg^. NRS or PRS, wherein RS, same or different, are C^-C^ 
alkyi radicals, C3-C20 cycloalkyi radicals, Ca-Cgo alkenyl radicals. C6-C20 aryl radicals, C7-C20 alkylaryl radicals or 
C7-C20 arylalkyi radicals, and when R^ is (CRSg)^, (SiRSg)^, (GeRSg)^, two substltuents RS on the same cartwn, siliclum 
or germanium atom can form a cycle comprising from 3 to 8 atoms; 
n is an Integer comprised between 1 and 4, preferably being 1 or 2, 

XI and X2, same or different, are hydrogen atoms, halogen atoms, R6, OR^, SR^, NRQg or PR62, wherein substltuents 
R6, same or different from each other, are C^-Cgo alkyI radicals, 03-020 cycloalkyi radicals, Cg-Cgo alkenyl radicals, 
C6-C20 aryl radicals, C7-C20 alkylaryl radicals or 07-020 arylalkyi radicals and can contain Si or Ge atoms; 
and wherein R^ and R^ on the same cyclopentadienyl ligand can form a cycle comprising from 5 to 8 carbon atoms. 
[001 1 ] Metallocene compounds partlculary suitable for use In the process according to the present Invention are the 
bridged bis-indenyls of the formula (II): 




(n) 



and the bridged bis-tetrahydroindenyls of the formula (III): 




(m) 



wherein 

M, R3, R4, and X2 are defined as above; 

R7. same or different, are hydrogen atonns. C1-C10 alkyI radicals, C^-C^o cycloalkyi radicals. Cg-Cio alkenyl radicals. 
Oq-Oio alkylaryl radicals or Cj-C^q arylalkyi radicals and can contain SI or Ge atoms; 
p and q, same or different, are Integers comprised between 1 and 4; 

and wherein two adjacent substltuents R^ on the same ligand can form a cycle comprising from 5 to 8 carbon atoms. 
[00121 Metallocene compounds of the fomiula (II) or (III) particulary suitable are those wherein M is Zr, R3 are hy- 
drogen atoms, methyl or ethyl groups, R^ are hydrogen atonre or methyl groups, and X^ are chlorine or methyl 
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groups and is a ethylidene or dimethyl-silyl divalent radical. 

[001 3] Non limitative exanr^ples of metallocenes suitable for the use in the process according to the present invention 
are: 



10 



15 



20 



25 



30 



35 



nrieso-C2H4(lnd)2MCl2 

meso-C2H4(lnd)2M(NMe2)2 

meso-C2H4(H4lnd)2MMe2 

meso-Me2Si(lnd)2MCl2 

meso-Ph(Me)Si(lnd)2MCl2 

meso-C2Me4(lnd)2MCl2 

meso-C2H4(2-Melnd)2MCl2 ' 

meso-C2H4(5,6-Me2tnd)2MCl2 

meso-C2H4(2-MeH4lnd)2MCl2 

meso-C2H4(2,4,7-Me3H4lnd)2MCl2 

nneso-Me2Si(4,7-Me2lnd)2MCl2 

meso-Me2Si(2,4,7-Me3lnd)2MCl2 

meso-Me2Si(4,7-Me2H4lnd)2MCl2 



meso-C2H4( lnd)2MMe2 

meso-C2H4(H4lnd)2MCl2 

meso-C2H4(H4lnd)2M(NMe2)OMe 

meso-Me2Si(tnd)2MMe2 

meso-Ph2Si(lnd)2MCl2 

meso-Me2SICH2(lnd)2MCl2 

meso-C2H4(4,7-Me2lnd)2MCl2 

meso-C2H4(2,4,7-Me3lnd)2MCl2 

meso-C2H4(4,7-Me2H4lnd)2MCl2 

meso-Me2Si(2-Melnd)2MCl2 

meso-Me2SI(5,6-Me2lnd)2MCt 

nrieso-Me2Si{2-MeH4lnd)2MCl2 

meso-Me2Si(2,4,7-Me3H4lnd)2MCl2 



wherein Me=methyl. Ph=phenyl, Cp=cyclopentadienyl, lnd=lndenyl, H4lnd=4,5,6,7-tetrahydroindenyl, M can be Tl. Zr 
or Hf, preferably it is Zr 

[0014] The meso isomeric form of metallocene compounds useable In the process of the invention can be separated 
from the corresponding racemic form by the common separation methods such as, for example, fractionated crystal- 
lization and extraction with solvents. 

[0015] A particulary preferred metallocene compounds for use in the process according to the present invention Is 
the meso-ethylene-bis(4,7-dimethyM-indenyl)zirconlum dichloride. In fact, the separation of the racemic and meso 
isomers is particulary simplified, because of the remarkable difference of solubility of the two isomers in solvents such 
as, for example, CH2CI2, toluene or dimethoxy ethane. 

[0016] The process for the preparation of ethylene polymers according to the present invention Is generally carried 
out in the presence, as cocatalyst, of one or more organometallic compounds of aluminum, or of one or more compounds 
able to form a metallocene alkyi cation. In the case of metallocenes of metals of the Group 111 or of the Lanthanides of 
the Periodic Table of Elements, it is possible to carry out the polymerization reaction in the absence of cocatalyst. 
[0017] The molar ratio between the aluminum and the metal of the metallocene compound is generally comprised 
between 10:1 and 10000:1, and preferably between 100:1 and 5000:1. 

[001 8] Organometallic compounds of aluminum useable in the process according to the invention are, for example, 
the linear, branched or cyclic alumoxanes, containing at least one group of the type (IV): 



40 



45 



50 



(IV) 



wherein R^, same or different, are R^ or a group -0-AI(R8)2 and, optionally, some R^ can be halogen atoms, R^ being 
defined as R^ 

[0019] In particular, alumoxanes which can be suitably used as cocatalysts in the process of the present invention 
are those of the formula (V): 



55 
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40 



Al- 



Al 



m 



(V) 



for linear compounds, and those of the fonnuta (VI): 

Al — 0 



(VI) 



for cyclic compounds, wherein m is O or an integer comprised between 1 and 40, being an integer comprised between 
2 and 40 in the case of cyclic compounds. 

[0020] Non limitative examples of alumoxanes suitable for use as cocatalysts in the process of the present invention 
are those in which the groups are selected among methyl, ethyl and isobutyl radicals, particularly methylalumoxane 
(MAO) and Isobutylalumoxane (TIBAO). 

[0021] The alumoxanes usable in the process of the present invention can be obtained by reacting aluminum alkyls 
or aluminum alkyl-hydridres with water. Non limitative examples of useable aluminum alkyls or alkyl-hydridres are: 

AI(Me)3, AI(Et)3. AlH(Et)2. Al(iBu)3, AlH(iBu)2. Al(iHex)3, AI(C6H5)3, A1(CH2C6H5)3, AI(CH2CMe3)3. AI(CH2SiMe3)3, 
AI(Me)2iBu, AI(Me)2Et, Allyyie(Et)2, AIMe(iBu)2. AI(Me)2iBu, Al(Me)2CI, AI(Et)2CI, AIEtCl2. Al2{Et)3Cl3, 

wherein Me=methyl, Et=ethyl, iBu=isobutyl, IHex=isohexyl. The trimethyl aluminum (TMA) and the triisobutylaluminum 
(TIBAL) are preferred. 

[0022] A particular class of organo-metallic compounds of aluminum useable as cocatalysts in the process according 
to the Invention is that of compounds obtainable by reaction of aluminium alkyls or alkylhydrides with water in molar 
ratio comprised between 1:1 and 100:1 respectively. Compounds of this type are described in European patent appli- 
cation EP-575 875, the content of which is incorporated in the present description. 

[0023] Moreover, organometallic compounds of aluminum useable as cocatalysts in the process of the invention are 
those of the formula (VII): 



45 



Al N Al 



(VII) 



50 and those of the formula (VIII): 



55 



R» 



Al S 

II 

0 



S Al 



(VIII) 
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wherein is defined as above. 

[0024] Non limitative examples of compounds able to form a metallocene alkyi cation are compounds of the formula 
Y+2-, wherein Y+ is a Bronsted's acid, able to give a proton and to react irreversibly with a substituent or of the 
compound of the formula (I) and Z- is a compatible anion, which does not coordinate, able to stabilize the active catalytic 
species which Is sufficiently labile to be shifted from an oleflnic substrate. Preferably, the anion Z" comprises one or 
more boron atoms. More preferably, the anion Z- is an anion of the formula BAr4, wherein the substituents Ar, same 
or different from each other are aryl radicals such as phenyl, pentafluorophenyl, bis(trifluoromethyl)phenyl. Particulary 
preferred is the tetrakis-pentaf luorophenyl-borate. Furthermore, compounds of the formula BAfg can be suitably used. 
Compounds of this type are described for example In the Published International Patent Application WP 92/00333, the 
content of which Is Incorporated In the present description. 

[0025] The catalysts used in the process of the present invention can be also used on inert supports. This can be 
obtained by deposing the metallocene compound (A), or the product of the reaction of the same with the component 
(B), or the component (B) and subsequently the metallocene compound (A), on inert supports such as for example 
silica, alumina, styrenedlvinylbenzene copolymers or polyethylene. 

[0026] A particular class of Inert supports suitable for the use according to the present Invention are the porous 
organic supports funzlonalized with groups having active hydrogen atoms, which are described in the European Patent 
Application No. 94110168.5. Particularly preferred are those wherein the organic support is a partially crosslinked 
styrenic polymer. 

[0027] The thus obtained solid compound. In combination with a further addition of the aluminum alkyI compound 
either as such or pre-reacted with water, can be used in the gas phase polymerization processes. 
[0028] The process for the ethylene polymerization according to the present invention can also be carried out In 
liquid phase, preferably in the presence of an inert hydrocarbon solvent which can be aromatic such as, for example, 
toluene, or aliphatic such as, for example, n-hexane. 

[0029] The polymerization temperature is generally comprised between 0 °C and 150 **C, In particular between 20 

*C and 100 °C, and more particulary between 30 °C and 80 "^C. 

[0030] The molecular weight of the polymers obtained can be remarkably high. In particular, polymers can be obtained 
with higher than 1 .10^ and preferably, comprised between 2.10^ and 6.10^. 

[0031] The molecular weight of the polymers can be varied merely by varying the polymerization temperature, the 
type or the concentration of the catalytic components or by using molecular weight regulators such as, for example, 

hydrogen. 

[0032] The polymers of the Invention are endowed with a narrow molecular weight distribution. An Index of the mo- 
lecular weight distribution is represented by the ratio M^M^ which, for the copolymer of the invention, is generally 
lower than 4, preferably lower than 3.5 and. more preferably, lower than 3. 

[0033] The molecular weight distribution can be varied by using mixtures of different metallocene compounds, or by 
carrying out the polymerization in many steps differing as to the polymerization temperatures and/or the concentrations 
of the molecular weight regulator. 

[0034] The polymerization yields depend on the purity of the metallocene components of the catalyst. Therefore, the 
metallocene compounds can be used either as such, or they can be subjected to purification treatments. 
[0035] The components of the catalyst can be contacted among them before the polymerization. The contact time 
is generally comprised between 1 and 60 minutes, preferably between 5 and 20 minutes. 

[0036] According to another embodiment of the present Invention, the process for the preparation of ethylene poly- 
mers can be carried out in the presence of one or more olefins selected from the alpha-olefins of the fonmula (IX): 

CH2=CH-R (IX) 

wherein R is an alkyI radical containing from 1 to 20 carbon atoms, and the cycloolefins. 

[0037] The obtainable copolymers are characterized by valuable properties, such as the low content of ashes and 
the unlfomnlty of distribution of the comonomers in the copolymeric chain. 

[0038] In particular, LLDPE copolymers can be prepared, having a content of comonomer units comprised between 
1 and 20% by moles, preferably between 5 and 15% by moles, density comprised between 0.87 and 0.95 g/cm^ and 
characterized by an uniform distribution of the comonomer along the polymeric chain. 

[0039] Non limitative examples of olefins useable as comonomers are propylene, 1-butene, 1-pentene, 4-methyl- 
1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetracene, 1-hexadecene, 1-octadecene, 1-eicosene, allyl- 
cydohexane, cyclopentene, cyclohexene, norbomene, 4,6-dlmethyl-1-heptene, allyl-trimethyl-silane. 
[0040] The above mentioned copolymers can also contain units deriving from polyenes. In particular from conjugated 
or not conjugated, linear or cyclic dienes, such as for example 1 ,4-hexadiene, isoprene, 1 .3-butadlene, 1 ,5-hexadiene. 
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1 ,6-heptadiene. 

[0041 ] Furthermore, the process of the present Invention can be advantageously used for the preparation of etasto- 
meric copolynfiers of ethylene with alpha-olefins of the fonnula (IX): 

^ CH2=CH-R (IX) 

wherein R is an alkyi radical containing fronn 1 to 10 carbon atoms, optionally containing lower proportions of units 
deriving from a polyene. 

[0042] The saturated elastomeric copolymers have a content of ethylene units comprised between 15% and 85% 
by moles, preferably between 40% and 80% by moles, nrwre preferably between 55% and 75% by moles, the comple- 
ment to 100 being constituted by units of one or more alpha-olefins and/or of a non conjugated diolefin able to cyclo- 

polymerize. 

[0043] The unsaturated elastomeric copolymers contain, besides the units deriving from the polymerization of eth- 
^5 yiene and alpha-olefins, also lower proportions of unsaturated units deriving from the copolymerization of one or more 
polyenes. The content of unsaturated units can vary from 0.1 to 5% by moles, preferably it is comprised between 0.2 
and 3% by moles. 

[0044] Non limitative examples of alpha-olefins useable as comonomers in the elastomeric copolymers of ethylene 
are propylene, 1-butene, 1-hexene, 4-methyl-1-pentene. 
20 [0045] Non limitative examples of non-conjugated diolefins able to cyclopolymerize useable as comonomers in the 
elastomeric copolymers of ethylene are 1 ,5-hexadiene, 1 ,6-heptadiene, 2-methyM ,5-hexadlene. 
[0046] Non limitative examples of polyenes useable as comonomers in the elastomeric copolymers of ethylene are: 

polyenes able to give unsaturated units, such as 
25 - non conjugated linear dienes such as 1 ,4-hexadiene trans, 1 ,4-hexadiene cis, 6-methyl-1 ,5-heptadiene, 3,7-dime- 
thyl-1 ,8-octadiene, 11 -methyl-1 ,1 0-dodecadiene; 

- monocyclic diolefins such as for example cis-1 ,5-cyclooctadiene and 5-methyl-1 ,5-cyclooctadiene; 

- bicyclic diolefins such as 4,5,8,9-tetrahydroindene and 6 and/or 7-methyl-4,5,8,9-tetrahydroindene; 

- alkenyl or alkyliden nortDornenes such as, for example, 5-ethyliden-2-norbomene, 5-isopropyliden-2-nortx)mene, 
30 exo-5-isopropenyI-2-norbomene; 

- polycyclic diolefins such as, for example, dicyclopentadiene, tricyclo-[6.2.1 .02 ^4,9-undecadiene and the 4-methyl 
derivative thereof; 

- non conjugated diolefins able to cyclopolymerize, such as 1 ,5-hexadiene, 1 ,6-heptadiene, 2-methyl-1 ,5-hexadiene; 

- conjugated dienes such as butadiene and isoprene. 

35 

[0047] In particular, by the process of the present invention it is possible to prepare elastomeric copolymers of eth- 
ylene with propylene and, optionally, one or more polyenes, having content of units deriving from ethylene comprised 
between 35% and 85% by moles, content of units deriving from propylene comprised between 1 0% and 60% by moles 
and content of units deriving from one or more polyenes comprised between 0 and 5% by moles, having the following 

characteristics: 

- content of propylene units in form of triads comprised between 0 and 8%, preferably between 0.5% and 6% and. 
more preferably, between 1% and 4%; 

- less than 50%, preferably less than 45%, of the above mentioned propylene triads having isotactic structure; 

^ - product of the reactivity ratios r^ .rg lower than 0.5, preferably comprised between 0. 1 and 0.45 and, more preferably, 
comprised between 0.3 and 0.4. 

[0048] The content by moles of monomeric units deriving from ethylene Is preferably comprised between 50% and 
80% and, more preferably, between 60% and 75%. 
so [0049] The content by moles of monomeric units deriving from propylene is preferably comprised between 1 5% and 
50% and, more preferably, between 20% and 40%. 

[0050] The content by moles of monomeric units deriving from polyene or polyenes is preferably comprised between 
0% and 4% and, more preferably, between 0% and 3%. 

[0051] The above indicated elastomeric copolymers of ethylene have intrinsic viscosities which are higher than 2.0 

5S dl/g. 

[0052] The analysis of the distribution of the propylene units has been carried out by ^^c-NMR. The assignments 
have been carried out as described by M. Kakugo et al. in "Macromolecules 15. 1150-1152, (1982)". The distribution 
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of the triads is calculated by the following relations: 

EPE = T56 PPE = Tp5 PPP = Tpp 

5 

where EPE, PRE and PPP represent respectively the sequences ethylene/propylene/ethylene, propylene/propylene/ 
ethylene and propylene/propylene/propylene In the copolymer. The values are nonmalized. The higher Is the number 
of isolated propylene units in the chain, the nearer is to unity the value of the ratio EPE/(EPE+PPE+PPP). 
[0053] The product of the reactivity ratios r^ .rg, wherein r^ is the reactivity ratio of propylene and rg is that of ethylene, 
10 is calculated according to the following formula: 

ri-r2 = 1+f(x + 1)-(f+1Hx + 1)'''. 

15 wherein 

f= ratio between the mols of ethylene units and the moles of propylene units in the copolymer, and 
X= {PPP+PPE)/EPE, 

20 [0054] Other parameters obtainable from the distribution of the propylene units are the values B and M, which are 
calculated according to the following fomnulas: 

B = 4EEPP/EP^ 

25 

M = EEP^PPPEPE/{PPE^EEEPEP) 

The ethylene\propylene elastomeric copolymers of the invention have B values generally lower than 0.5, and M values 

30 generally lower than 1 .5. 

[0055] Furthermore, by the process of the present Invention It is possible to prepare elastomeric copolymers of eth- 
ylene with 1-butene and, optionally, one or more polyenes, having content of units deriving from ethylene comprised 
between 35% and 85% by moles, content of units deriving from 1 -butene comprised between 1 0% and 60% by moles 
and content of units deriving from one or more polyenes comprised between 0 and 5% by moles, having the following 

35 characteristics: 

content of 1 -butene units In form of triad equal to 0; 

- product of the reactivity ratios r^j2 comprised between 0.2 and 0.4; 

- less than 2% and, preferably, less than 1 % of the CH2 groups in the polymeric chain contained in sequences (CHajn 
40 comprised between two tertiary cartDon atoms, wherein n is an even number. 

[0056] The content by moles of monomeric units deriving from ethylene is preferably comprised between 50% and 
80% and, more preferably, between 60% and 75%. 

[0057] The content by moles of monomeric units deriving from 1-butene Is preferably comprised between 15% and 
45 50% and, more preferably, between 20% and 40%. 

[0058] The content by moles of monomeric units deriving from polyene or polyenes is preferably comprised between 
0% and 4% and, more preferably, between 0% and 3%. 

[0059] The analysis of the distribution of the monomeric units of 1-butene has been carried out by 13q.n^^r j^e 
assignments have been carried out as described by J.C. Randall in "Macromolecules (1982), 15, 353-360". The spec- 
50 trum is subdivided into the following eight areas: 

(Al ) from 40.0 to 38.9 ppm, 
(A2) form 37.2 ppm, 
(A3) from 34.8 to 34.1 6 ppm, 
55 (A4) from 34.1 6 to 33.5 ppm, 

(A5) from 31 .0 to 29.0 ppm, 
(A6) from 27.5 to 26.8 ppm, 
(A7) from 26.8 to 26.5 ppm, 
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(A8) form 25.0 to 24.0 ppm. 
[0060] The concentration (molar fraction) of diads is obtained by the following equations: 

^ EE = 0.5[A5+0.5(A6-A2)]/Z 



EB = 0.5[A1+A3+A4+0.5(A6-A2)+A8]/Z 

10 

BB = 0.5(A2)/Z 

with Z=0.5[A5+0.5(A6-A2)]+0.5[A1+A3+A4+0.5(A6-A2)+A8]+0.5(A2), wherein EE, EB and BB represent respectively 
15 the sequences ethylene/ethylene, ethylene/1 -butene and 1 -butene/1 -butene in the copolymer. 

[0061] The product of the reactivity ratios r^ .rg, wherein is the reactivity ratio of 1 -butene and rg that of ethylene, 
is calculated according to the following formula: 

20 ri.r2=4(EE)(BB)/(EB)2 

wherein EE, BB and EB represent respectively the sequences ethylene/ethylene, butene/butene and ethylene/butene. 
[0062] The elastomeric copolymers obtainable from the process of the invention are substantially free of crystallinity. 
Their melting enthalpy (AH,) is lower than 20 J/g and, preferably, lower than 10 J/g. Generally, they can be considered 
25 completely amorphous, having non detectable melting enthalpies. However, the copolymers in which the content of 
units deriving from ethylene is close to the upper limit of 85% molar, have melting enthalpies which can be higher than 
20 J/g. 

[0063] The stmcture of the mentioned copolymers results to be highly regioregular. In fact, by the ^^c-NMR analysis, 
signals relating to sequences {CH2)n comprised between two tertiary carbon atoms, wherein n is an even number, are 
30 generally not detectable. 

[0064] The elastomeric copolymers obtainable by the process of the present invention have intrinsic viscosities which 
are generally higher than 1 .0 dl/g, preferably higher than 2.0 dl/g. However, by the process of the invention It is possible 
to obtain elastomeric copolymers of ethylene endowed with very high molecular weights. 

[0065] According to a further interesting embodiment of the present invention, the very high molecular weight elasr 
35 tomeric copolymers of ethylene according to the invention have a very low content of cristallinity even when the content 
of units deriving from ethylene is as high as 85% by moles. In fact, the melting enthalpies of these copolymers are 
generally lower than 20 J/g, preferably lower than 15 J/g and, more preferably, lower than 10 J/g. 
[0066] This fact is not at all expectable, since the known copolymers have much higher crystallinities at a parity of 
content of ethylenic units. 

40 [0067] The elastomeric copolymers of ethylene according to the present invention are generally soluble in the com- 
mon solvents such as, for example, hexane, heptane and toluene. 

[0068] These copolymers can be vulcanized using fomnulation and methods known for EPM and EPDM rubbers, 
working, for example, in the presence of peroxides or of sulphur. Rubbers endowed with valuable elastomeric properties 
are obtained. 

45 [0069] The rubbers obtained from the above mentioned copolymers can be transformed into manufactured articles 
by the generally used working process of themnoplastic materials (moulding, extrusion, injection, etc.). The relative 
manufactured articles are endowed of interesting elastic properties and are used in all the typical applications of alpha- 
olefinic elastomers. 

[0070] In particular, the products obtained from copolymers having a high content of ethylene units can be advan- 
50 tageously used as coatings for wires and cables. 

[0071] A further interesting use of the process of the invention is for the preparation of cycloolefin polymers. Mono- 
cyclic or polycyclic olefinic monomers can be either homopolymerized or copolymerized, also with non cyclic olefinic 
monomers. 

[0072] Non limitative examples of cycloolefinic polymers which can be prepared by the process of the invention are 
55 described in European Patent Application EP-501,370 and EP-407,870, the content of which is incorporated in the 

present description, 

[0073] The following examples are given to illustrate and not to limit the invention. 
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CHARACTERIZATIONS 

[0074] The intrinsic viscosity hi was measured in tetrahydronaphthalene at 135*»C. Molecular weights (My) are cal- 
culated by the following equation: 

5 

(Tl] = 3.8 -10'^ 

[0075] The measurements of Differential Scanning Calorimetry (D.S.C.) were carried out on an instrument DSC-7 
10 by Perkin Elmer Co. Ltd. according to the following method. About 1 0 mg of sample obtained from the polymerization 
were cooled to -25 and then heated to 200 °C with a scanning rate equal to 10 ^C/min. The sample was kept at 
200 for 5 minutes and thereafter cooled with a scanning rate equal to 10 ^C/min, Thereafter, a second scanning 
was carried out according to the same modalities of the first one. The values reported are those obtained in the first 
scanning. 

15 [0076] The ^^C-N.M.R. analysis of the elastomeric copolymers have been carried out with a Bruker AC200 instru- 
ment, at a temperature of 1 20°C, on samples prepared by dissolving about 300 mg of polymer in 2,5 cc of a 3:1 mixture 
of trichlorobenzene/CaDgC^. The spectra have been registered with the following parameters: 

Relaxation delay = 1 2 sec 
20 - Number of scannings = 2000*-2500 

PREPARATION OF THE CATALYTIC COMPONENTS 

MESO-ETHYLENE-BIS(4.7-DIMETHYL -INDENYL )ZIRCONIUM DICHLORIDE 

25 

(A) Preparation of 4,7-dimethylindene 

[0077] The synthesis was carried out according to the method described in "Organometallics, 1990,9,3098" (yield 
54% from p-xylene). 

30 

(B) Preparation of 1,2-bis(4,7-dimethvl-indenvl)ethane 

[0078] 38.2 g (265 mmol) of 4,7-dimethylindene were dissolved in 350 ml of tetrahydrofurane and the temperature 
of the solution was cooled to 0 °C. Then, 1 65 ml of n-butyllithium (1 .6 M in hexane, 264.mmol) were added, dropwise 
35 for 2.5 hours. After having again heated up to room temperature and stirred the whole for 4 hours, a purple-red solution 
of 4,7-dimethyl-indenyl-lithium was obtained. This solution was cooled to -70 °C and treated, dropwise for 35 minutes, 
with 25.3 g of 1 ,2-dibromoethane (1 35 mmol) in 1 5 ml of tetrahydrofurane. After having heated up to room temperature, 
a slight yellow solution was obtained to which water was added. The organic phase was collected ed dried on Na2S04. 
The solvent was then evaporated under vacuum and 20 g of product were obtained (yield 48%). 

40 

(C) Preparation of meso-ethylene-bis(4,7-dimethyl>1-indenyl)-zirconium dichlorlde 

[0079] A suspension of 1 0 g of 1 ,2-bis(4,7-dimethyl-3-indenyl)-ethane (31 .8 mmol) in 80 ml of tetrahydrofurane was 
added by a little pipe to a solution of 2.82 g of KM (70.3 mmol) in 1 60 ml of tetrahydrofurane. kept under stirring. After 

^ the formation of hydrogen ceased, the resulting brown solution was separated from excess KH. This solution and a 
solution of 1 2 g of ZrCl4(THF)2 (31 .8 mmol) in 250 ml of tetrahydrofurane were added, dropwise for 3 hours, via cannula, 
to a round-bottomed flask containing 50 ml of tetrahydrofurane and kept under quick stirring. A yellow solution and a 
precipitate were formed. After having removed the solvent under vacuum, the yellow-orange residue (mixture of racemic 
and meso isomers in ratio 2.33: 1 at the ^H-N.M.R. analysis) was subjected to extraction with CH2CI2 until all the orange 

so product was completely dissolved. 1 .7 g (yield 11 .3%) of a yellow solid was obtained, which at the ^H-N.M.R. analysis 
resulted consisting of the pure meso stereoisomer. 

METHYLALUMOXANE (MAO) 

55 [0080] A commercial product (WITCO) in a 30% b.w. toluene solution was used. After having removed the volatile 
fractions under vacuum, the vitreous material was ground until a white powder was obtained; this was further treated 
under vacuum (0.1 mm Hg) for 4 hours at the temperature of 40 °C. 
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ISOBUTYLALUMOXANE (TiBAO) 

10081 J A commercial product (WITCO) in 1 .55 M (on Al) cyclohexane solution was used. 
5 EXAMPLE 1-5 

Preparation of ethylene homopolymers 

[0082] Into a 1 litre Buchi autoclave having glass body, provided with jacket, elicoidal stirrer and thermoresistance. 
10 and joined to a themnostat to control the temperature, washed with a solution of triisobutyl aluminum in n-hexane and 
dried in warm under anhydrous nitrogen stream, 0.4 I of n-hexane (purified by passage on alumina columns) were 
introduced under nitrogen. The temperature was raised to a value of 7-8 °C below the polymerization temperature and 
the nitrogen was substituted by ethylene. 

[0083] The catalyst solution, using either I^AO (a) or TIBAO (b) was prepared as follows. 

15 

(a) To a quantity of MAO toluene solution (10 mg/ml toluene) containing the required quantity of MAO, a quantity 
of a. toluene solution of meso-ethy!ene-bis(4,7-dimethyl-1-indenyl) zirconium dichloride (0.6 mg/ml toluene) con- 
taining the required quantity of metallocene was added and the whole was kept at room temperature for 1 0 minutes. 

(b) To a solution containing TIBAO (1 mmol of AI) in 10 ml of toluene, a quantity of a toluene solution of meso- 
20 ethylene-biS'(4,7-dimethyl-1-indenyl)zirconium dichloride in toluene (0.6 mg/ml toluene) containing the required 

quantity of metallocene was added and the whole was kept at room temperature for 5 minutes. 

[0084] The solution was injected into the autoclave by a slight ethylene overpressure. The temperature and pressure 
were then raised to the value required for the polymerization and kept constant for all the duration of the polymerization. 
25 The pressure was kept constant by supplying ethylene. The reaction was then ceased by removing the ethylene over- 
pressure and injecting a little quantity of methanol. The polymer obtained was dried In oven at 60 ""C under nitrogen 
stream. 

[0085] The polymerization conditions and the data relating to the characterizations on the obtained polymers are 
reported in Table 1 . 

30 

EXAMPLES 

Preparation of an ethylene/1 -butene copolymer 

35 [0086] A 2.5 I steel autoclave equipped with a blade magnetic stirrer, manometer, temperature indicator, system for 
loading the catalyst, feed line for the monomer and a thermostating jacket, was purged through propane washing at 
yO^'C. 1260 ml of propane, and the amounts of ethylene and 1 -butene reported in Table 2 were introduced at room 
temperature and then the reactor was heated to 45°C. The catalytic suspension was prepared in a Schlenck tube with 
a discharge tap at the bottom. 4.2 mmols of MAO in 5 ml of toluene was added at a temperature of 25^0 and followed 

40 by 1 .0 mg of meso-ethylene-bis(4,7-dimethyl-1 -indenyl)zirconium dichloride. The reagents were contacted for 5 min- 
utes and then the suspension was introduced into the autoclave by ethylene overpressure. The temperature was then 
raised to 50°C and maintained constant during the polymerization. The total pressure was kept constant by feeding a 
mixture of ethylene/1 -butene. The polymerization was interrupted by introducing 0.6 NL of CO Into the autoclave after 
rapid cooling to SO'^C. The reactor was then left to slowly degas and the polymer obtained was dried at 60^0 under 

^ vacuo. 

[0087] The polymerization conditions and the data relating to the characterization of the obtained polymer are re- 
ported in Table 2. 

EXAMPLE 7 

50 

Preparation of an ethylene/1 -butene copolymer 

[0088] It was worked according to the procedure described in example 6, but using triisobutil aluminum (WITCO) 
instead of MAO, and introducing 2.1 mmoles of H2O into the autoclave before the introduction of propane. 
55 [0089] The polymerization conditions and the data relating to the characterization of the obtained polymer are re- 
ported In Table 2. 
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EXAMPLE 8 

Preparation of an ethylene/1 -butene copolymer 

s [0090] It was worked according to the procedure described in example 6. but introducing 0.7 bar of hydrogen into 
the autoclave. 

[0091] The polymerization conditions and the data relating to the characterization of the obtained polymer are re- 
ported in Table 2. 

10 EXAMPLES 9-10 

Preparation of ethylene/propylene elastomeric copolymers in solution polymerization 

[0092] Into a 4.25 litre stainless steel autoclave, provided with stirrer, manometer, temperature indicator, system for 
IS the supplying of the catalyst, feeding lines for monomers and thermostating jackets, degased by washing with ethylene 
at 80°C, 2 litres of n-hexane (measured at 20''C) and the quantities of propylene and ethylene reported in Table 3 were 
introduced at room temperature. The temperature of the autoclave was then rised to S'^C below the polymerization 
temperature. The solution of the catalyst was prepared as follow. To a toluene solution of meso-ethylene*bis(4.7<lime- 
thyM-indenyl)zirconium dichloride (3 ml toluene/mg metallocene), a methylalumoxane (MAO) solution in 10 ml of tol- 
20 uene was added. The whole was kept stinred at the temperature of 20 **C for 5 minutes, then the solution was injected 
into the autoclave underpressure of ethylene/propylene mixture in such a ratio to maintain in solution the above reported 
corresponding concentration. The temperature was then quickly raised to the value required for the polymerization. 
The polymerization conditions are reported In Table 3. The polymer obtained was separated by removing the solvent 
and the unreacted monomers and then dried under vacuum. The data relating to the characterization of the obtained 
25 polymers are reported in Table 4. In the ^^C-NMR no peak revealing the presence of sequences -(CHgjn- comprised 
between two tertiary carbon atoms, wherein n Is an even number, was observed. 

EXAMPLES 11-13 

30 Preparation of ethylene/propylene elastomeric copolymers in slurry polymerization 

[0093] It was worked according to the procedure described in examples 9-1 0, but operating with lower amounts of 
n-hexane. The polymerization conditions are reported In Table 3. The data relating to the characterization of the ob- 
tained polymers are reported in Table 4. 

35 

EXAMPLE 14 

Preparation of an ethylene/1 -butene elastomeric copolymer in solution polymerization 

<o [0094] It was worked according to the procedure described in examples 9-1 0. but using 1 -butene instead of propyl- 
ene. The polymerization conditions are reported in Table 3. The data relating to the characterization of the obtained 
polymer are reported in Table 5. In the ^^C-NMR spectrum no peak revealing the presence of sequences -(CH2)n- 
comprised between two tertiary cartx>n atoms, wherein n is an even number, was obsen/ed. 

45 



50 



55 
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Claims 



15 



20 



25 



30 



35 



1. A process for the preparation of an ethylene polymer, which comprises the polymerization reaction of ethylene in 
the presence of a catalyst comprising a stereorigid metallocene compound of a transition metal belonging to the 
Group lllb, IVb, Vb, VIb or of Lanthanides of the Periodic Table of the Elements, having two substituted cyclopen- 
tadienyl ligands bridge joined between them, characterized in that the metallocene compound is in its meso 

isomeric fonm. 

2. The process according to claim 1 , wherein the metallocene compound is represented by the formula (1): 



wherein 

M is a metal selected from Tl, Zr and Hf; 

R\ same or different, are C1-C20 alkyi radicals. C3-C20 cycloalkyi radicals, C2-C20 alkenyl radicals, Cq-Czq aryl 
radicals, C7-C20 alkylaryl radicals or 07-020 arylalkyi radicals and can contain Si or Ge atoms; 
R2 and R^, same or different, are hydrogen atoms, C^-Cgo alkyI radicals, C3-C20 cycloalkyi radicals, C2-C20 alkenyl 
radicals, Cg-Cgo aryl radicals, C7-C20 alkylaryl radicals or C7-C20 arylalkyi radicals and can contain Si or Ge atoms; 

is a divalent group selected from (CRSg)^, (SiRSg)^. (GeRSg)^, NRS or PRS, wherein RS, same or different, are 
C1-C20 alkyI radicals. C3-C20 cycloalkyi radicals, O2-O20 alkenyl radicals, Cg-Cao aryl radicals, C7-C20 alkylaryl 
radicals or O7-O20 arylalkyi radicals, and when R4 is (ORSg)^, (SiR52)n, (GeR52)n. two substituents RS on the same 
carbon, silicium or germanium atom can form a cycle comprising from 3 to 8 atoms; 
n is an integer comprised between 1 and 4, preferably being 1 or 2, 

and X2, same or different, are hydrogen atoms, halogen atoms, R^, 0R6, SR^, NR^g or PR^g, wherein substit- 
uents R6, same or different from each other, are O1-O20 alkyI radicals, 03*020 cycloalkyi radicals, O2-O20 alkenyl 
radicals, Og-CgQ aryl radicals. O7-C20 alkylaryl radicals or C7-O20 arylalkyi radicals and can contain Si or Ge atoms; 
and wherein R^ and R^ on the same cyclopentadienyl ligand can form a cycle comprising from 5 to 8 carbon atoms. 

t. The process according to claim 2, wherein the metallocene compound is represented by the formula (II): 
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<n) 



wherein 

M, R3, R4, and are defined as in claim 2; 

R7, same or different, are hydrogen atoms, CyC^Q alkyi radicals, Cg-C^o cycloalkyi radicals, Cg-Cio a'kenyl radi- 
cals, Cg-Cio alkylaryl radicals or Cj-C^q arylalkyi radicals and can contain Si or Ge atoms; 
p and q, same or different, are integers comprised between 1 and 4; 

and wherein two adjacent substituents on the same ligand can form a cycle comprising from 5 to 8 carbon atoms. 

The process according to claim 3, wherein the metallocene is the ethylene-bis(4,7-dimethyl-1-indenyl)2irconlum 

dichloride. 

The process according to claim 2, wherein the metallocene compound is represented by the formula (III): 




wherein 

M, R3, R4, x^ and X^ are defined as in claim 2; 

R7, same or different, are hydrogen atoms, C^C^q alkyI radicals. C^C^q cycloalkyi radicals, Cz-C^q alkenyl radi- 
cals, Cg-Cio alkylaryl radicals or CyC^o ary'alkyl radicals and can contain SI or Ge atoms; 
p and q, same or different, are integers comprised between 1 and 4; 

and wherein two adjacent substituents R^ on the same ligand can form a cycle comprising from 5 to 8 carbon atoms. 

The process according to any of claims from 1 to 5, wherein the catalyst comprises at least one compound selected 
between the organometallic compounds of aluminum, and the compounds able to fomn a metallocene alkyI cation. 

The process according to claim 6, wherein the organometallic compound of aluminum is a linear, branched or 
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cyclic alumoxane, containing at least one group of the type (IV): 




(IV) 



wherein R^, same or different, are or a group -0-AI(R8)2 and, optionally, some R^ can be halogen atoms, R^ 
being defined as W. 

8. The process according to any of claims from 1 to 7, wherein the polymerization reaction of ethylene is carried out 
in the presence of at least one olefin selected from the alpha-olefins of the fomiula (IX): 

CH2=CH-R (IX) 

wherein R is an alkyi radical containing from 1 to 20 carbon atoms, and the cyclooleflns. 

9. The process according to claim 8, wherein the olefin is selected from the alpha-olefins of the formula (IX) wherein 
R is an alkyI radical containing from 1 to 10 carbon atoms, to obtain an elastomeric copolymer of ethylene. 

10. The process according to claim 9, wherein the polymerization is canied out in the presence of a polyene in the 
range from 0,1 to 5 % by moles. 

11. An elastomeric copolymer of ethylene with propylene and, optionally, one or more polyenes, having content of 
units deriving from ethylene comprised between 35% and 85% by moles, content of units deriving from propylene 
comprised between 1 0% and 60% by moles and content of units deriving from one or more polyenes comprised 
between 0 and 5% by moles, having the following characteristics: 

- content of propylene units in form of triads comprised between 0% and 8%; 

- less than 50% of the above mentioned propylene triads having isotactic structure; 
product of the reactivity ratios .rg lower than 0.5. 

intrinsic viscosity higher than 2.0 dl/g. 

12. An elastomeric copolymer of ethylene with 1-butene and, optionally, one or more polyenes, having content of units 
deriving from ethylene comprised between about 35% and 85% by moles, content of units deriving from 1-butene 
comprised between about 1 0% and 60% by moles and content of units deriving from one or more polyenes com- 
prised between 0 and 5% by moles, having the following characteristics: 

content of 1 -butene units in form of triads equal to 0; 

- product of the reactivity ratios r^ .rg comprised between 0.2 and 0.4; 

- less than 2% of the CHg groups in the polymeric chain contained in sequences (CH2)n comprised between 
two tertiary carbon atoms, wherein n is an even number. 



Patentanspruche 

1 . Verfahren zur Herstellung eines Ethylenpolymers, das die Polymerisationsreaktion von Ethylen in Gegenwart eines 
Katalysators umfa3t, der eine stereorigide Metallocenverbindung von einem Ubergangsmetall, das zu der Gruppe 
lllb, IVb, Vb, VIb gehort, oder von Lanthanoiden des Periodensystems der Elemente, mit zwei substituierten Cy- 
clopentadienylliganden, die durch eine Brucke zwischen diesen verbunden sind, umfaBt, dadurch gekennzeich- 
net, daB die Metallocenverbindung in ihrer meso-isomeren Form voriiegt. 
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2. Verfahren nach Anspruch 1 , wobei die Metallocenverbindung durch die Formel (I) dargestellt ist: 




worin 

M ein Metall, ausgewahit aus Ti, Zr und Hf, ist; 

B\ die gleich Oder unterschledlich sind, Ci-Cao-Aikylreste, C3-C2o-Cycloalkylreste, C2-C2o-AlkenyIreste, Ce-CgQ- 
Arylreste, Cy-CgQ-Alkylarylreste Oder Cy-CgQ-Arylalkylreste darstellen und Si- Oder Ge-Atome enthalten konnen; 
R2 und R3, die gleich oder unterschiedlich sind, Wasserstoffatome, C^-Cgo-Alkylreste, C3-C2o-Cycloalkylreste, 
Ca-Cgo-Alkenylreste, CQ-Cgo-Arylreste, Cy-Cgo-Alkylarylreste oder Cy-Cao-Arylalkylreste darstellen und Si- Oder 
Ge-Atome enthalten kdnnen; 

eine zweiwertige Gruppe ist. die aus (CRSgjn. (SiRSg)^, {GeR52)n. NRS oder PRS ausgewahit wurde, worin RS, 
die gleich oder unterschiedlich sind, C^-CgQ-Alkylreste, Ca-CgQ-Cycloalkylreste, Cg-Cgo-Alkenylreste, CQ-Cgo-Aryl- 
reste, Cy-CgQ-Alkylarylreste oder Cy-CgQ-Arylalkylreste darstellen und, wenn R^ (CRSg)^, (SiR^g^. (GeR^2)n 'St, 
die beiden Substituenten R^ an dennselben Kohienstoff-, Silicium- oder Germaniumatom einen Ring mit 3 bis 8 
Kohlenstoffatomen bilden konnen; 

n eine ganze Zahl zwischen 1 und 4, vorzugsweise 1 oder 2 ist, 

und X2, die gleich oder unterschiedlich sind, Wasserstoffatome, Halogenatome, R^, OR^, SR^, NR^g oder PR^g 
darstellen, worin die Substituenten R6, die gleich sind oder sich voneinander unterscheiden, Ci-C2o-A!kylreste, 
Ca-Cgo-Cycloalkylreste, Cg-Cao-Alkenylreste, Ce-CgQ-Arylreste. Cy-Cgo-Alkylarylreste oder Cy-Cgo-Arylalkylreste 
darstellen und Si- oder Ge-Atome enthalten k6nnen; 

und worin R^ und R^ an demselben Cyclopentadlenylliganden einen Ring mit 3 bis 8 Kohlenstoffatomen bilden 

kdnnen. 

3. Verfahren nach Anspruch 2» wobei die Metallocenverbindung durch die Formel (11) dargestellt ist: 




(H) 



worin 

M, R3, R^, und X2 die in Anspruch 2 angegebenen Bedeutungen haben, 

R^ die gleich oder unterschiedlich sind, Wasserstoffatome. Gi-C^o'Alkylreste, C3-C|o-Cycloalkylreste, C2-C 
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Alkenylreste. Ce-C^Q-Alkylarylreste Oder Cy-CiQ-Arylalkylreste darstellen und Si- oder Ge-Atome enthalten kon- 
nen; 

p und q, die gleich Oder unterschiedlich sind, ganze Zahlen zwischen 1 und 4 sind; 

und worin die beiden benachbarten Substituenten an demselben Ugandan einen Ring mit 5 bis 8 Kohlenstoffa- 
tomen bilden kdnnen. 

Verfahren nach Anspruch 3, wobei das Metallocen das Ethylen-bis(4.7-dimethyl-1-indenyI)zirconiumdichlorid ist. 
Verfahren nach Anspruch 2, wobei die Metallocenverbindung durch die Fonnel (III) dargestellt ist: 




(ni) 



worin 

M, R3, R4, und die in Anspruch 2 angegebenen Bedeutungen haben, 

R7, die gleich oder unterschiedlich sind, Wasserstoffatome, C^-Cio-Alkylreste. Cg-C^o'Cyctoall^ylreste, Cg-CiQ- 
Alkenylreste, Cg-Cio-Alkylarylreste oder Cy-CiQ-Arylalkylreste darstellen und Si- oder Ge-Atome enthalten kdn- 
nen; 

p und q, die gleich oder unterschiedlich sein kdnnen, ganze Zahlen zwischen 1 und 4 sind; 

und worin die beiden benachbarten Substituenten R7 an demselben Ugandan einen Ring mit 5 bis 8 Kohlenstoffa- 

tomen bilden konnen. 

Verfahren nach einem der Anspruche 1 bis 5, wobei der Katalysator zumindest eine Verbindung umfaGt, die zwi- 
schen organometallischen Verbindungen von Aluminium und den Verbindungen ausgewahit wurde, die fahig sind, 
ein Metallocanalkylkation zu bilden. 

Verfahren nach Anspruch 8, wobei die organometallische Verbindung von Aluminium ein lineares, verzweigtes 
Oder cyclisches Alumoxan ist, das zumindest eine Gruppe des Typs (IV) enthdit: 




(IV) 



worin R^, die gleich oder unterschiedlich sind, R9 oder eine Gruppe -0-AI(R8)2 darstellen, und gegebenenfalls 
konnen einige R^ Halogenatome sein, wobei R^ die fur R^ angegebenen Bedeutungen hat. 

Verfahren nach einem der Anspruche 1 bis 7, wobei die Polymerisationsreaktion von Ethylen in Gegenwart von 
zumindest einem Olefin durchgefuhrt wird, das aus den alpha-Olafinen der Formel (IX): 



20 



EP 0 643 078 B1 



CH2=CH-R (IX) 

worin R ein Aikylrest ist, der 1 bis 20 Kohlenstoffatome enthalt, und den Cycloolefinen ausgewahit wurde. 

9. Verfahren nach Anspruch 8, wobei das Olefin aus den alpha-Olefinen der Formel (IX), worin R ein Aikylrest ist, 
der 1 bis 10 Kohlenstoffatome enthalt, ausgewahit wird, urn ein elastomeres Copolymer von Ethylen zu erhalten. 

10. Verfahren nach Anspruch 9, wobei die Polymerisation in Gegenwart eines Polyens im Bereich von 0,1 bis 5 mol- 
% durchgefuhrt wird. 

1 1 . Elastomeres Copolymer von Ethylen mit Propylen und gegebenenfalls einem Oder mehreren Polyenen, das einen 
Anteil an Einheiten, die von Ethylen stammen. der zwischen 35 und 85 mol-% liegt, einen Antell an Einheiten, die 
von Propylen stammen, der zwischen 10 und 60 mol-% liegt, und einen Antell an Einheiten, die von einem oder 
mehreren Polyenen stammen, der zwischen 0 und 5 mol-% liegt, aufweist, mit den folgenden Merkmalen: 

- der Anteil an Propyleneinheiten in Form von Triaden liegt zwischen 0 und 8 %; 

- weniger als 50 % der zuvor enwahnten Propylentriaden weisen Isotaktlsche Stmktur auf ; 

- das Produkt der Reaktivitatsverhaftnisse r^ • r2 ist geringer als 0,5; 

- die Strukturviskositat ist hdher als 2,0 dl/g. 

12. Elastomeres Copolymer von Ethylen mit 1-Buten und gegebenenfalls einem oder mehreren Polyenen, das einen 
Anteil an Einheiten, die von Ethylen stammen, der zwischen etwa 35 und 85 mol-% liegt, einen Anteil an Einheiten. 
die von 1 -Buten stammen, der zwischen etwa 1 0 und 60 mol-% liegt, und einen Anteil an Einheiten, die von einem 
Oder mehreren Polyenen stammen, der zwischen 0 und 5 mol-% liegt, aufweist, mit den folgenden Merkmalen: 

der Anteil an 1-Buteneinheiten in Form von Triaden ist gleich 0; 

das Produkt der Reaktivitatsverhaltnisse r^ • rg liegt zwischen 0,2 und 0,4; 

- weniger als 2 % der CHg-Gruppen in der Polymerkette, die in den Sequenzen (CH2)n enthaiten sind, bestehen 
aus zwei terti^ren Kohlenstoffatomen, wobei n eine gerade Zahl ist. 



Revendlcations 

^ 1. Un proc§d6 de preparation de polym^re d'6thyl6ne qui comprend la reaction de polymerisation de I'^thylene en 
presence d'un catatyseur comprenant un derive m^tallocdne st6r6origide d'un m^tal de transition appartenant au 
groupe lllb, IVb, Vb, VIb ou au groupe des Lanthanides du Tableau P6riodique des Elements, comportant deux 
tigands cyclopentadienyle substitues unis par pontage entre eux, caracteris^ en ce que le derive m4taIloc6ne 
est sous sa forme isom^re meso. 

40 

2. Le proc^d^ selon la revendication 1, dans lequel le d^rivd m^talloc^ne r^pond k la formule (I): 



45 



50 
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dans laquelle 

M est un m§tal choisi parmi T1, Zr et HI; 

Les R^ identiques ou differents, sont des radicaux alkyles en 0^-020' radicaux cycloalkyles en C3-C20. 
des radicaux alc^nyles en C2-C2o> des radicaux aryles en Cg-C2o. des radicaux aikylarytes en C7-C20 ou des 
radicaux arytalkyles en C7-C20 et peuvent comporter des atomes de Si ou de Ge; 

Les R2 et R^, identiques ou differents, sont des atomes d'hydrog§ne, des radicaux all<yles en C^-CgQ, des 
radicaux cycloall<yles en C3-C2Q, des radicaux alcenyles en C2-C2o» des radicaux aryles en Cg-C2o» des radicaux 
alkylaryles en C7-C20 ou des radicaux arylalkyles en C7-C20 et peuvent comporter des atomes de Si ou de Ge; 

R^ est un groupe divalent choisi parmi (CR52)n, (SiR52)n, (GeRSg)^, NRS ou PRS, ou les R^, identiques ou 
differents sont des radicaux alkyles en C^-C2o> des radicaux cycloalkyles en C3-C20. des radicaux alcenyles en 
C2-C20. des radicaux aryles C6-C20. des radicaux alkylaryles en C7-C20 ou des radicaux arylalkyles en C7-C20 et, 
si R"^ est (CR52)n, (SiR52)n« (GeR^g^' deux substituants R^ sur le meme atome de carbone, de silicium ou de 
gemrianium peuvent former un cycle comprenant de 3 ^ 8 atomes; 

n est un entier compris entre 1 et 4, de preference II vaut 1 ou 2, 

et X2, identiques ou differents, sont des atomes d'hydrogene, des atomes d'halogene, R^, OR^, SR^, 
NRS2 °" PR^2' substituants R®, identiques ou differents les uns des autres, sont des radicaux alkyles en 
C1-C20. des radicaux cycloalkyles en 03-020. des radicaux alcenyles en O2-C20, des radicaux aryles en O6-O20, 
des radicaux alkylaryles en O7-G20 ou des radicaux arylalkyles en C7-C20. et peuvent comporter des atomes de 
Si ou de Ge; 

et dans laquelle R^ et R^ sur le meme ligand cyclopentadienyle peuvent fomner un cycle comprenant de 5 
h 8 atomes de carbone. 

Le precede selon la revendication 2, dans lequel le derive metallocdne est represente par la fonnule (II): 




dans laquelle 

M, R3, R4, X"" et X2 sont tels que definis dans la revendication 2; 

Les R^, identiques ou differents sont des atomes d'hydrogene, des radicaux alkyles en O^-O^O' des radicaux 
cycloalkyles en Cg-C^O' des radicaux alcenyles en O2-O10, des radicaux alkylaryles en Cq-C^q, ou des radicaux 
arylalkyles en 07-G^o et peuvent comporter des atomes de Si ou de Ge; 

p et q. identiques ou differents, sont des entiers compris entre 1 et 4; 

et dans laquelle deux substituants adjacents R^ sur le meme ligand peuvent former un cycle comprenant de 
5 a 8 atomes de carbone. 

Le precede selon la revendication 3, dans lequel le metallocene est le dichlorure d'ethyiene -bis(4,7-dimethyl- 
1-indenyl) zirconium. 

Le precede selon la revendication 2, dans lequel le metalloc^ne est represente par la formule (III): 
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(ID) 



dans laquelle 

M, R3, et X2 sont tels que definis dans la revendlcation 2; 

Les R7, identiques ou diff^rents, sont des atomes d'hydrogene, des radicaux alkyles en -C^o, des radicaux 
cycloalkyles en C3-C10. des radicaux alc6nyles en Cj-Ciq, des radicaux alkylaryles en Cq-C^q, ou des radicaux 
arylalkyles en Cj-C^q et peuvent comporter des atomes de Si ou de Ge; 

p el q, identiques ou diff^rents, sont des entiers compris entre 1 et 4; 

et dans laquelle deux substituants adjacents sur le nn§me ligand peuvent former un cycle comprenantde 
5 a 8 atomes de carbone. 

6. Le proc6d6 selon Tune quelconque des revendtcations 1 a 5, dans lequel le catalyseur comprend eu moins un 
compost choisi parmi les d6riv6s organometalliques de Taluminium et les composes capables de former un cation 
alkyi m^tallocdne. 

7. Le proc^d^ selon la revendicatlon 6, dans lequel le d^riv^ organometallique de {'aluminium est un alumoxane 
lineaire ramift^ ou cyclique. comportant au moins un groupe de type (IV): 



dans lequel les R^ Identiques ou dlff6rents sont R9 ou un groupe -0-AI{R8)2 et, le cas 6ch6ant, certains R^ 
peuvent §tre des atomes d'halog^ne, R^ 6tant d^fini comme R^ 

8. Le precede selon Tune quelconque des revendications 1 k 7, dans lequel la reaction de polymerisation de I'^thyl^ne 
est effectuee en presence d'au moins une ol^fine choisie pamni les alpha-ol^fines de formule (IX): 



oD R est un radical alkyle comportant de 1 ^ 20 atomes de carbone et les cycloolefines. 

9, Le proc^d^ selon la revendicatlon 8, dans lequel Tol^fine est choisie panmi les alpha-ol^fines de fonnule (IX) ou 
R est un radical alkyle comportant de 1 ^10 atomes de carbone. 

10. Le precede selon la revendlcation 9, dans lequel on effectue la polymerisation en presence de polyene k raison 
de 0,1 k 5% en moles. 




(IV) 



CH2=CH-R 



(IX) 
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11. Un copolymere ^lastomere de I'ethyl^ne avec le propylene et, le cas 6cheant, un ou plusieurs polyenes, ayant 
una teneur en motifs derivant de I'^thylene comprise entre 35% et 85% en moles, une teneur en motifs derivant 
du propylene comprise entre 10% et 60% en moles el une teneur en motifs derivant d'un ou plusieurs polyenes 
comprise entre 0 et 5% en moles, pr^sentant les caract^ristiques suivantes: 

une teneur en motifs de propylene sous forme de triades compris entre 0% et 8%; 
moins de 50% des triades de propylene ci-dessus ayant une structure isotactique; 

- un produit des rapports de r^activite r^.r2 inf^rieur k 0,5. 

- une viscosity intrlnseque sup^rieure a 2,0 dl/g 



10 



12. Un copolymere elastomere de Tethylene avec le 1-butene et, le cas ech^ant, un ou plusieurs polyenes, ayant une 
teneur en motifs derivant de I'ethyl^ne comprise entre environ 35% et 85% en moles, une teneur en motifs d§rivant 
du 1-butene compris entre environ 10% et 60% en moles et une teneur en motifs derivant de un ou plusieurs 
polyenes comprise entre 0 et 5% en motes, pr^sentant les caract^ristiques suivantes: 

15 

une teneur en motifs 1-butene sous forme de triades egale h 0; 
un produit des rapports de reactivite r^.rg compris entre 0,2 et 0,4; 
- moins de 2% des groupes CHg de la chaine polymdre contenus dans les sequences (CH2)n compris entre 
deux atomes de carbone tertiaires, ou n est un nombre pair. 
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